In many seismic areas, reinforced-concrete frames are filled with masonry infill walls. The behavior of these structural composite systems are difficult to model, and existing regulations lack guidelines for their design. In most cases, the masonry infill is excluded from the design process because it is considered a non-structural element. However, excluding them can have significant negative consequences. A properly modeled and designed reinforced-concrete frame with infill can significantly affect the strength, stiffness, and energy dissipation of the frame structure. In fact, a masonry infill combined with a relatively flexible reinforced-concrete frame certainly takes part in the resistance to horizontal actions. To investigate this issue, we modeled the behavior of frame structures with masonry infills in three ways: First, we used a linear seismic method of equivalent horizontal forces, applied to six models with different heights, modeling the masonry infill with "shell" finite elements. Second, we performed the same analysis with a "link" element as a compressive strut. Third, we used nonlinear dynamic analysis to consider the concentrated plasticity of columns and beams and a nonlinear model with the masonry infill considered a compressive strut. In each modeling approach, the masonry infill significantly affected the behavior of the structures and their dynamic response to seismic actions.
INTRODUCTION

Aim of the study
In this paper, we present and compare three of the simplest (Table 1) , most intuitive approaches for modeling infilled frame structures with an advanced commercial program. These models include certain simplifications and limitations, so we focus on comparing and contrasting them, discussing how they relate to real behavior.
Overview of infilled frames
Reinforced-concrete frames with masonry infills are structural systems that are often used in areas of high seismicity. Though masonry infills are widely used as the interior partitions and exterior walls of buildings, they are usually considered non-structural elements and are not included in modeling during the design process because current regulations give no clear, direct guidelines for their design, even though they are still built into buildings. Recent studies have shown that using a properly modeled and designed reinforced-concrete frame with an infill greatly benefits the strength, stiffness, and energy dissipation of frame structures [1] [2] [3] [4] [5] [6] . Because a masonry infill greatly changes the behavior of the frame during earthquakes, it is important to include its effects in the design process. In fact, a masonry infill combined with a relatively flexible reinforced-concrete frame certainly increases the resistance to horizontal actions. Different types of infills certainly affect structural resistance, which depends mostly on the quality of the mortar and the masonry elements (most commonly hollow clay and solid brick units), so they are often categorized into "weak" and "strong" masonry infills.
Infilled frames can have both positive and negative effects [7] that cannot be reliably accounted for [8] . A masonry infill can significantly increase the strength and stiffness of the frame structure for a continuous, uniform distribution of infill walls. In contrast, plastic deformations can occur in unequal distribution of infill walls, which can hinder the behavior and safety of the building. Besides the global plastic deformations of the frame, a masonry infill can also cause negative local effects, which can lead to premature brittle structural failure. Also, adding a masonry infill can cause the system to respond in elastically and predispose it to inelastic deformation if the contribution of the infill to the horizontal strength and stiffness is significantly greater than the strength and stiffness of the bearing system. In this case, at high deformation the frame and infill can lose integrity, and cracks can develop in the ground floor, which can cause a soft storey to form or cause the frame elements to suddenly collapse. Table 1 The basic characteristics of linear and nonlinear numerical models
LINEAR MODELS NONLINEAR MODELS
 Simpler models  All materials comply with Hooke's Law  Few input parameters  Assessment of the global structural behavior  Faster calculation  Convergence is not a problem in dynamic analyses  Complex models  Many input parameters  Assessment of the structural elements behavior  Slower calculation  Possible convergence problems in dynamic analyses  Needed if the loading produces a significant changes in the stiffness  Important if large displacements change the geometry
The national regulations of most countries do not specify design procedures for masonry infills, considering themnon-structural elements. According to Eurocode 8 (EC8), non-structural masonry infills in earthquakeresistant buildings area "second line of defence" and increase the capacity. EC8 does not make it necessary to reduce the seismic resistance of the structure during design because it considers the masonry infill to have only positive effects; the additional resistance caused by the masonry infill is considered "stocks of resistance". In EC8, masonry infills are required when a structure is designed for relatively low stiffness and load capacity, but high ductility. The greatest problem in seismic analysis of reinforced-concrete frames is the uncertainty arising from the nonlinearity of the masonry infill. The behavior of these systems can be properly modeled by thorough analysis, materials testing, and nonlinear modeling. So far, numerical modeling of frames with infills can be divided into complex "micromodels" and simple, more engineering-focused "macromodels". An important micromodel is the finite element method, while an important macromodelis the equivalent strut diagonal. Eurocode 8 does not provide detailed guidance for modeling masonry infilled frames, and it focuses more on the possible negatives that can of such structures than on the positives. While the failure mechanisms of masonry infilled frames cannot be correctly predicted by the linear micromodelsor nonlinear macromodels used in the present study, the details of possible failure mechanisms can be found elsewhere [9] [10] [11] [12] .
MODEL DEFINITION AND LOAD ANALYSIS
In this paper, we describe and analyze possible simpler models of how masonry infills affect the behavior of reinforced-concrete frames. We selected a regular reinforced-concrete structure for the numerical models, a building that has a corresponding real prototype [13] . All the models have the same floor plan and area, but different heights: 4, 7, and 10 storeys. The ground storey has a height of 3.75 m, and the other storeys each have a height of 3 m. The columns and T-beams of all models have the same square cross-sections. For all models, the position of the masonry infill was also varied to be either only the central bay or the external bays. All models experienced the same vertical load on the structure and used the same materials.
For the structural analysis, we used CSi SAP2000 computer software to create numerical models of the reinforced-concrete frame, modeled as equivalent planar structures of a separated central frame with all necessary loads. The analysis included six models of reinforced-concrete frames, as shown in All models are designed in accordance with [14] and [15] , including the influence of the masonry infill, which we will discuss in more detail later. The structure is located in the IX. seismic zone, a specification for critical areas in Croatia, and has an ambient of moderate humidity (XC3), requires middle class ductility (DCM), and is built on soil category C. The floor area is 280 m 2 , the roof structure is an impassable roof, the floor structures are reinforced-concrete slabs bearing in two directions that are 18 cm thick, and the concrete cover for all elements is 3.5 cm thick. The effective width of each beam, whose dimensions are shown in Figure 2 , is determined by the rules of EC8. The materials are C30/37 for the concrete, B500B for the reinforcing steel, and hollow clay bricks in lime mortar for the masonry infill. The modulus of elasticity and shear strength of the masonry infill were selected according to [16] , obtained based on experimental results from [17] . The following characteristics were adopted for the masonry infill: thickness tw= 30 cm, characteristic vertical compressive strength fk = 10 MPa, specific weight γo = 9 kN/m 3 , vertical modulus of elasticity Ew = 3900 MPa, and diagonal shear strength τw = 0.575 MPa. beams framing interior columns
The calculation accounts for the permanent load (dead load of the structure, floor layers, and partition walls), variable load, snow load, and earthquake load. To simplify the calculation, all other loads on the structure (e.g., wind) are ignored. The dead load includes the self-weight of all constructive elements (columns, beams, and slabs), floor layers, balcony layers, and the roof and partition walls. The dead load from the partition walls is set to be 1.5 kN/m².The self-weight of the frame structure is generated automatically by the computer program. The dead load per floor is 5.6 kN/m², and that of the flat roof is 8.2 kN/m². The load from the masonry infill is defined as a line load according the floor plan of the structure. Considering the purpose of the structure according to [18] , the load from the infill is defined as a variable load of 3.0 kN/m².Based ona snow load map of Croatia, the structure is located in the I. zone at an altitude of 94 m, so the snow load on the roof is 0.9 kN/m².
NUMERICAL MODELS AND ANALYSIS
Lateral force analysis method
The lateral force analysis method is defined according to EC8. This method can be applied if the fundamental oscillation period of a building is either less than 4•Tcor less than 2 s, and if it meets the criteria for regularity in elevation. Linear static analysis was performed on all six models. Structural analysis was performed using the parameters of soil type C, spectrum type 1 (surface magnitude Ms of the expected earthquake is greater than 5.5), and constant viscous damping of 5%. The horizontal acceleration of the foundation soil is 0.3 g because the building is located in the IX. seismic zone. Because the building has multiple storeys and bays, the base value of the behavior factor this system, which is defined as medium ductility (DCM), is q=3.9.
Note that the behavior factor of 3.9 was adopted as if the building had a pure bare frame (without infill walls), but that factor, to observe the real, nonlinear behavior, should be less than 3.9. However, existing regulations do not provide clear guidance on how to account for the reduced behavior factor caused by the infilled frames. Another approach (not covered here) is, during the design process, not actually modeling the physical behavior of masonry infills, but rather designing a pure bare frame (with infill mass) and limiting the inter-storey drifts in order to control the damage to the masonry infill walls. This problem requires further discussion, and the true behavior factor can be determined more accurately either by experiments or by extensively calibrating nonlinear models based on previous experiments. The fundamental oscillation period of vibrationT1 was determined according to EC8, as shown in Equation 1. This equation applies to buildings with a total height not exceeding 40 m, for which the dominant parameter is the height of the building. Table 2 shows these results. λT is the correction factor, which equals 0.85 if T1≤ 2•TC [s], where TCis the upper limit of the period of the constant spectral acceleration branch on the horizontal elastic response spectrum, according to EC8.
( 1) were C t is 0.075 for moment-resistant space concrete frames and H is the height of the building [m]. The total mass (including infill walls) of the building during seismic action was determined according to [19] , assuming that dead loads are combined with variable loads. Once the fundamental period of oscillation and the mass of the frame are defined, the seismic base shear force can be determined according to EC8. Table 3 shows these results. Because of the models' regularity and their type of construction, the effects of seismic action were determined by applying horizontal forces Fi to all storeys, according to EC8. Table 4 shows the distribution of seismic forces by floor for all models. 
Modeling infill walls using "shell" element
At this stage of modeling, the columns are fixed to the foundation, and the infill walls are supported on the ground floor at fixed bearings. The reinforced-concrete frame elements are defined with line elements associated with the corresponding sections. The beams are modeled as T-sections ("Tee frame"), while the columns have regular square cross-sections. To get more precise results, the columns are divided into three finite elements. The stiffness of the floor structures is defined and modeled as a rigid diaphragm, ensuring equal horizontal displacements of beam-column joints. The masonry infill is modeled as a "Shell-thick" element with the appropriate material properties and dimensions. For simplicity, the infill material is assumed to be isotropic, and the properties of the walls are equal in all directions. The wall "shell" element is also divided into finite elements: 10 elements in the x-direction and 9 finite elements in the y-direction, done so the wall nodes coincide with the column nodes, ensuring valid connections between the columns and the wall element. At this stage of the modeling, contact elements between the wall and frame were not accounted for, although these elements are necessary for modeling the real nonlinear behavior of infill with "shell" elements [20] . The total mass of the structure includes the mass of the structural elements and loads; it is defined with a coefficient of 0.24 for variable loads and 1.0 for dead loads. In our analyses, we design for a combination of gravity and seismic effects. This analysis uses the dead load (which includes the self-weight of partition walls, floor layers, and roof), and the variable load from applied loads and from snow, while only seismic load is defined with equivalent horizontal forces. Table 5 shows the load combinations used with the corresponding coefficients. Even in the first period of oscillation (Table 6 ), the position of the infill changes the stiffness of the building. The period for models with infills in the external bays is 32%lower on average than for models with infill in the central bay. Models A1 and B1 exhibit the largest difference in natural periods-Model B1 has the lower periodand this difference gradually narrows as the number of storeys increases. The decrease in fundamental oscillation period, caused by the masonry infill, reduces the horizontal displacement, and the horizontal roof displacement is higher in models with infill in the central bay than in models with the infill in the external bays. Figure 3 compares the first natural period and horizontal roof displacements of models with "shell" elements. Models A1 and B1 also exhibit the largest difference in displacement, with the period of Model B1 being 55% lower than that of Model A1. The other sets of models follow the same trend: Models A2 and B2 differ by 53%, and Models A3 and B3 differ by 51%. Figure 3 First oscillation period and horizontal roof displacement ofmodels with "shell" elements Table 7 shows the maximum reactions and displacements, obtained from the combination of seismic loads. The infill caused increased reactions in the surrounding columns because the infill influenced the resistance under seismic loading. The columns reacted more strongly in the direction of the earthquake and in buildings with more storeys and more infill walls. Figure 4 shows diagrams of the total displacement and maximum inter-storey drifts, which also demonstrate the influence of the infill. Not all models exhibit the maximum inter-storey drift on the same storey; however, in all models it appears about halfway up the building's height. All these drifts are produced by seismic combination, whose values are very small because the structures are fairly stiff. A realistic behavior would be achieved by incorporating an orthotropic material because the masonry has lower compressive strength and modulus of elasticity in the horizontal direction; that is, in the direction parallel to the horizontal mortar joints. According to EC8, the design requirement for the moments of the columns and beam capacity is satisfied at each joint in the model both between the primary or secondary seismic beams and between the primary seismic columns, also known as capacity design.
The structural members were designed based on the relevant seismic load combinations according to EC2. UsingCSi SAP2000 software, we obtained the required amount of longitudinal and transverse reinforcement. Note that in some columns this obtained a minimum cross-sectional area of reinforcement of 25 cm 2 (i.e., 1% of the column's gross cross-section, according to EC8), but Table 8 shows only the most loaded column (with the most reinforcement). For the inner columns of Model A3, we chose a reinforcement equal to 2.36% of the crosssectional area, while for those of all other models, we chose 1.51% of the cross-sectional area. The external columns are reinforced with 1.51% of the cross-sectional area. 
Modeling infill walls using linear compressive "gap" elements
All choices and parameters of the linear analysis and modeling in section 3.2 apply in this model. Here, the masonry infill is modeled using a compressive strut element with an equivalent diagonal strut connecting the opposite joint of the frame. Thus, one wall element is modeled as one compressive strut in the direction of the horizontal load. The diagonals are defined using a "gap" link element, and the geometrical and mechanical characteristics are determined according to the simplified procedure by Panagiotakos et al. [21] . Table 9 shows details of the characteristics of the linear compressive diagonals. Basically, this element is defined as the equivalent secant stiffness of the original envelope capacity curve for the infill walls, which depends on the geometry of the model. The secant stiffness of the infill walls is defined by a linear relationship that passes through a maximum value of force, which is calculated and defined by the capacity envelope shown in Figures 8  and 10 . CSi SAP2000 could not simulate the "gap" link element as a pure compressive element in the linear spectral analysis, so we used a simplified lateral force method. As in the model with "shell" elements, the decrease in oscillation period here depends on the type of masonry infill: the first natural period (Table 10) of the "B" models was 21% lower on average than those of the "A" models. 
Figure 6 Total displacement and inter-storey drift for seismic load combinations in models with linear "gap" elements
The maximum IDR ( Figure 6 ) appeared between the first and second storeys for models with 4 and 7 storeys, and between the second and third storeys for models with 10 storeys. Table 11 shows the maximum reactions produced by the seismic load combinations. As in the previous analysis, the reactions are higher in models with infill in the external bays than in the model with free columns and infill in the central bay. All joints also satisfy the condition of strong columns and weak beams (capacity design). We designed the structural elements according to seismic combinations (EC2), as in the previous analysis. Compared to the model with "shell" elements, this model with "gap" link elements produces a greater required reinforcement area for models A2, A3, and B3 (Table 12) . 
Nonlinear dynamic "time-history" analysis
This analysis uses Models A2 and B2, which represent the original seven-storey prototype building. We selected seven real ground motion records for the nonlinear dynamic analysis. These records are compatible with EC8 for a peak acceleration of 0.3 g, soil category C, and spectrumtype1. We took this set of ground motion records from the European Strong-Motion Database (ISESD) [22] , which includes earthquakes from the Mediterranean and Europe. Using REXEL 3.5 software [23] , we chose a set of records that offers a combination of the desired seven ground motions records per set with the lowest possible average deviation from the target spectrum ( Figure 7 ). The margin of tolerance is 90-130% of the target spectrum in the range of periods from 0.15·T1 and 2·T1, where T1 is the fundamental period of the building. Table 13 shows data on the selected set of seismic ground motions. The ground motion records are not scaled and were recorded on soil type C, classified according to EC8. 
Nonlinear model with compressive strut for the masonry infill
Because we wished to avoid the complexity of nonlinear dynamic analysis, but also wished to robustly predict the global seismic response, we used a macromodel for infill walls in accordance with Panagiotakos et al. [21] .
Modeling the masonry infill with one or more nonlinear compressive struts gives satisfactory nonlinear behavior of the materials and elements. The behavior of the masonry infill in nonlinear analysis is described with suitable envelope-capacity curves, also called multi-linear "backbone" curves, and are designed according to the actual hysteretic behavior of infills. The behavior of the diagonals is defined with an envelope of horizontal force and horizontal displacement, as shown in Figure 8 . We calculated the nonlinear characteristics of the compressive diagonal using the following equations. The width of the diagonal is calculated as:
where hc is the column height, dw is the length of the compressive diagonal, Ew is the modulus of elasticity of the masonry infill, tw is the thickness of the masonry infill, θ is the angle of inclination of the compressive diagonal, Ec is the modulus of elasticity of the concrete material, Ic is the column moment of inertia, hw is the height of the masonry infill, and λ is a parameter that accounts for the relationship between the stiffness of the masonry infill and frame. The first elastic part of the behavior of the masonry infill envelope is the linear elastic behavior of the restoration at crack onset, where the stiffness is calculated as: (4) where Gw is the elastic shear modulus of the masonry infill and Aw is the cross-sectional area of the masonry infill. The force Fcr represents the shear bearing capacity of the masonry infill at crack onset, and it can be determined as the product of the shear strength τcr and cross-sectional area of the masonry infill Aw:
The second part of the capacity envelope extends from crack onset to the maximum capacity of the masonry infill Fmax, and can be estimated as: (6) The coefficient of this equation generally depends on the type of filling, and is 1.30 for a masonry infill made from ceramic blocks. The secant stiffness associated with the load capacity of the wall, or force Fcr, can be determined as: (7) The third part of the capacity envelope describes the decline in stiffness after reaching the maximum capacity, caused by infill failure. It is defined by the product of the elastic stiffness at crack on set and the parameter α: (8) We propose that the parameter αcan range from 0.005 to 0.1 (we adopted 0.05), where higher values correspond to very brittle failure. Last, the horizontal part of the capacity envelope is residual bearing capacity of the masonry infill, which can be estimated as: (9) Because these expressions apply in the horizontal direction, they are divided with the cosine of the diagonal inclination to produce the given values, which are valid in the direction of the angled compressive struts. The input data we used to calculate the envelope of the masonry infill are as follows: modulus of elasticity for the masonry infill Ew = 3900 MPa, shear modulus Gw = 1560 MPa, shear strength τcr = 0.575 MPa, and modulus of elasticity for the concrete material Ec = 32,000 MPa. Because the geometry (i.e., width and height) of the frame affects the shape of the envelope, we defined four envelopes, two for the groups of "A" and "B" models, and two for the ground floor and other floors. Figure 10 shows the calculated envelopes. The beams and columns are modeled as elastic elements with lumped plastic behavior in the areas of the plastic hinges. The lengths of plastic hinges, used to define the concentrated plasticity of the columns and beams, were obtained according to [25] : (10) where Ls is the column height [m], db is the diameter of the main longitudinal reinforcing bars [m] , and fy is the reinforcement steel stress at yielding [MPa] . Table 9 gives the important parameters for describing the capacity envelope of the masonry infills.
The plastic hinge for the columns and beams were modeled automatically with CSi SAP2000, using envelopes defined by FEMA guidelines (Figure 9 ) [24] . In nonlinear analysis of concrete and masonry, cracking is not accounted for, as is the case in the linear analysis according to EC8. Because the concentrated plasticity for columns and beams is defined automatically according to FEMA 356 guidelines, we can account for the effective stiffness of the section by only reducing the gross cross-section; for example, by 50%, according to EC8 and FEMA 356.Thevalues of plastic rotations for the elements and the analysis procedure are located in Tables 6-7 and 6-8 of the FEMA 356 guidelines [24] . Each element is assigned an individual plastic rotation and corresponding moment, taken directly from the moment-curvature analysis produced by CSi SAP2000.
Such a model with rotational springs only considers failure caused by a bending moment, ignoring the possibility of exceeding the shear or axial capacity. In this model, we included section confinement of transverse reinforcement, in which we obtained a relevant load combination, used to adopt the P and V values, from the previous analysis according to [24] . The reinforcement amount is adopted automatically from the current design. Based on these characteristics, the program defines a moment-rotation envelope, which defines the behavior of the plastic hinge in terms of a rotational spring, as shown in Figure 9 .The masonry infill is modeled with two compressive diagonals, using the same approach as in the previous section, by connecting two opposite corners of the frame; this model, however, is defined as a purely nonlinear. The diagonals are defined using "link" elements ("multi-linear plastic"), and we calculated the associated geometrical and mechanical characteristics according to Panagiotakoset al. [21] . To explain the nonlinear hysteretic behavior of the infill, we used rules introduced by Takedaet al. [26] . The dynamic behavior of the model is observed using Rayleigh damping rules, but we adopted a constant damping of 5% because it is simpler and produced negligible differences. We accounted for the contribution of P-Delta effects (also known as geometric nonlinearity) according to secondorder theory. This condition magnifies storey drift and certain mechanical behaviors while reducing deformation capacity. The P-Delta effect typically involves large external forces upon relatively small displacements. As in the linear analysis, in the nonlinear analysis the infills increased the stiffness of the system, as shown in the first natural periods. The first period of Model B2 (T1 = 0.55 s) was 29% lower than that of Model A2 (T1 = 0.778 s) (Table 14) . Table 15 shows the relevant model reactions, obtained from the seismic load combinations averaged over seven seismic responses. As in the linear analysis, in Model A2 the inner columns surrounding the masonry infill exhibited greater reactions because of how the masonry infill redistributed loads. Figure 11 shows the total displacements and inter-storey drifts for Models A2 and B2, and Figure 12 shows the nonlinear hysteresis behavior of the infill model for the ground storey reacting to three earthquakes taken from the records. Figure 13 compares the periods and maximum inter-storey drift ratios from the different modeling approaches. 
CONCLUSIONS AND REMARKS
This paper describes and analyzes some simplified models that show how masonry infill walls affect the behavior of reinforced-concrete frames, investigating various modeling approaches and configurations of infill walls. We numerically modeled six buildings, which had different configurations of their masonry infill and different numbers of storeys. We performed linear static analysis on all six models, and performed nonlinear dynamic time-history analysis on two models of a prototype (reference) building with different infill configurations. The frames were set up in accordance with current technical regulations, and were tested with static (vertical) and dynamic (horizontal/earthquake) actions. The linear micromodel we called the simplified "shell" model, and the linear macromodel we called the "gap" model. For the first period of oscillation, the linear micromodel gave higher stiffness and lower period (differences of up to 40%) compared to the other two models, while the linear and nonlinear macromodels gave nearly the same results, within 10% of each other. We attribute this difference between "shell" and "gap" models to excessive simplifications in the micromodel: the assumption of the material as isotropic rather than orthotropic, and the exclusion of contact elements that transmit only compressive stresses. Including an orthotropic material would certainly make the structure softer-which is closer to the true period and drift behavior-because of the lower horizontal strengths.
These same reasons can used to explain the differences in the maximum inter-story drifts, as shown Figure  13 ; to compare the linear and nonlinear inter-story drifts, the calculated values for the linear models are multiplied by a behavior factor of 3.9.The linear macromodel (L. Gap) exhibits a maximum inter-storey drift half that of the nonlinear macromodel (NL. Gap), and the linear micromodel (L. Shell) exhibits one four times lower. Although linear models can "catch up" by including the impact of nonlinear behavior in a behavior factor, the drift estimates can remain very different because of the modeling assumptions described before. The average nonlinear response can also vary significantly depending on the set-to-set variability of ground motion records, even for the same hazard level; because of this variability, the mean value must be considered along with a coefficient of variation.
The expected lateral load in the ground motion records for the selected hazard level, as shown in Figure 7 , produced inter-storey drift ratios of ~1.5% and ~1.1% for models A2 and B2; these ratios are realistic, so these results are likely the most relevant. We must note the variability of the ground motion records: the structural response for Model B2 to one ground motion record (Duzce-Y) is three times higher than the mean of the structural responses for all seven records.
The macromodel takes advantage of the accuracy of the micromodel, yet it is computationally efficient, making it useful for seismic performance assessments that require repeated nonlinear dynamic analyses. Nonlinear modeling has proven to be more detailed but significantly more complex. The masonry infill can further be modeled as multi-strut model in order to determine the local effects of the frame-infill interaction. There are many models of the concentrated plasticity of columns and beams, but it is good to choose a model that contains enough parameters to control the hysteretic behavior while also being able to model the infill wall. Using a model like this, it would be easier to calibrate the response of the structure. Compared to linear models, nonlinear models more realistically describe the behavior of the model, but require more effort in defining the necessary parameters. Linear models may be sufficient for designing a building, but understanding composite behavior in more depth requires nonlinear models. There are evident obvious differences among the models in the periods, total displacements, and inter-storey drift ratios, as well as in the base shear demand. Thus, we conclude that it is necessary to account for the masonry infill walls, as they significantly change the structural behavior and affect the required reinforcement in columns and beams. Current guidelines must be carefully assessed in order to avoid the possible negatives of masonry infills, of which the most interesting (in planar cases) are the shear failure of columns, failure of beam-column joints, and formation of a short column.
